To investigate snacking frequency in relation to energy intake and food choices, taking physical activity into account, in obese vs reference men and women. DESIGN: Cross-sectional, descriptive study. SUBJECTS: In total, 4259 obese, middle-aged subjects (1891 men and 2368 women) from the baseline examination of the XENDOS study and 1092 subjects (505 men and 587 women) from the SOS reference study were included. MEASUREMENTS: A meal pattern questionnaire describing habitual intake occasions (main meals, light meals/breakfast, snacks, drink-only), a dietary questionnaire describing habitual energy and macronutrient intake and a questionnaire assessing physical activity at work and during leisure time were used. RESULTS: The obese group consumed snacks more frequently compared to the reference group (Po0.001) and women more frequently than men (Po0.001). Energy intake increased with increasing snacking frequency, irrespective of physical activity. Statistically significant differences in trends were found for cakes/cookies, candies/chocolate and desserts for the relation between energy intake and snacking frequency, where energy intake increased more by snacking frequency in obese subjects than in reference subjects. CONCLUSION: Obese subjects were more frequent snackers than reference subjects and women were more frequent snackers than men. Snacks were positively related to energy intake, irrespective of physical activity. Sweet, fatty food groups were associated with snacking and contributed considerably to energy intake. Snacking needs to be considered in obesity treatment, prevention and general dietary recommendations.
Introduction
Obesity is increasing at alarming rates worldwide. 1 The disease is due to an undesirable positive energy balance over prolonged periods of time. The influence of meal frequency and snacking on energy imbalance and body weight is not clear. Some studies have reported a positive relation between low eating frequency and obesity, [2] [3] [4] [5] whereas other studies found no relation. [6] [7] [8] Gender differences have also been reported, that is, BMI has been found to be negatively associated with eating frequency in men and positively associated in women. 9, 10 Similar inconsistencies have been found in the relation between eating frequency and energy intake, where some studies have reported a positive relation, 10, 11 whereas other studies found no relation at all 12 or gender differences. 9 It has been suggested that the inconsistent associations reported between BMI, energy intake and eating frequency/ snacking are due to differences in physical activity. 8, 9 Drummond et al 13 hypothesized that the lack of a relationship between increased snacking and BMI may be explained by the fact that frequent snackers may have higher energy intakes due to higher physical activity levels. This implies that those who have a frequent snack intake are more physically active and also maintain normal weight. Yet, the prevalence of obesity is accelerating and simultaneously reports from population studies show an increasing energy intake related to an increase in snack intake. 14, 15 In particular, a more frequent snacking pattern is associated with overconsumption of energy in children and adolescents [15] [16] [17] and also with higher body weight. 16 A similar pattern is found in male and female adult snackers who had a higher energy intake than never snackers, although BMI did not differ by snacking frequency. 8 Food choices related to snacking are also a cause of concern. Different food groups, such as baked goods, sweets and beverages, have been related to snacking in both adolescent and adult normal weight subjects, as well as normal populations. 8, 15, [18] [19] [20] Comparisons of snacking patterns and snack food choices between obese and nonobese subjects are sparse. No differences in snacking pattern were found between Swedish obese and normal weight men, 21 whereas higher snacking frequency was found in obese women compared to a normal population. 11 Energy-dense food choices as well as frequent snacking may facilitate increased energy intake. Hence, we hypothesised that obese subjects have eating patterns, especially snacking patterns, deviating from a normal population. We therefore wanted to compare such patterns in a large sample of obese subjects vs a normal population, and to test for possible gender differences. Thus, the aim of this study was to investigate snacking frequency in relation to energy intake and food choices, taking physical activity into account, in obese vs reference men and women.
Subjects and methods

Subjects
The study comprised two groups of subjects: a group of obese men and women and a reference group of men and women representing a normal population.
Obese group. The obese men and women volunteered to participate in the XENDOS (XENical in the prevention of Diabetes in Obese Subjects) study. The aim of the XENDOS study was to assess the effectiveness of a weight loss drug, Xenical s , plus lifestyle changes compared with lifestyle changes alone in the prevention of type 2 diabetes. The study was performed at 22 centres in Sweden during 1997-2001. 22 Subjects were participants in the baseline examination preceding the intervention part of the XENDOS study. Inclusion criteria were age 30-60 y old and BMI Z30 kg/m 2 . In total, 4470 subjects were examined at baseline and all men (n ¼ 1891) and women (n ¼ 2368) with complete information on dietary intake were included in this study.
Reference group. The reference group of men and women were recruited from the SOS (Swedish Obese Subjects) reference study, a population-based study conducted to obtain a reference group for the SOS study. The SOS study is described elsewhere. 23 The SOS reference study was conducted in two Swedish cities (Mölndal and Ö rebro) during 1994-1999. Totally, 2037 subjects aged 37-60 y old were randomly selected and invited to participate in the study. The participation rate in the SOS reference study was 54% (n ¼ 524) among men and 58% (n ¼ 611) among women. All men (n ¼ 505) and women (n ¼ 587) with complete information on dietary intake were included in this study. All XENDOS and SOS reference subjects underwent a health examination including anthropometric measures and completed questionnaires on meal patterns, dietary intake and socioeconomic aspects.
The studies were approved by ethical committees in Sweden and informed consent was obtained from all participants.
Methods Meal pattern questionnaire. A self-administered meal pattern questionnaire describing habitual daily intake occasions was used. The subjects were asked to specify time for each intake occasion and choose one of four different types of intake occasions: main meal, light meal/breakfast, snacks or drink-only corresponding to their intake during 'an ordinary day'. 11 The total number of intake occasions was analysed as well as the total number of each type of intake occasion. Accordingly, total intake occasions were defined as total number of main meals, light meals/breakfast, snacks and drink-only, whereas eating occasions included all intake occasions except drink-only. Drink-only includes drink occasions both with and without energy. In subanalyses, snacking occasions were divided into four categories: 0, 1, 2 and 3 or more snacks per day.
Dietary questionnaire. A self-administered dietary questionnaire describing daily energy, macro-and micronutrient intake during the last 3 months was used. The questionnaire has been validated and judged to give valid estimates of energy intake in obese as well as in normal-weight subjects. 24 Total energy intake, absolute and relative intake of macronutrients and fibre expressed as g/1000 kcal were used in the analysis. In addition, total energy intake was divided 
Statistical analysis
Means and standard deviations were used to describe age, anthropometric variables, metabolic variables, energy and macronutrient and number of intake occasions. Dichotomous variables, for example, education and physical activity, were presented as percentages. A logistic regression model was used to describe association between obesity (dependent variable, obese group ¼ 1, reference group ¼ 0) and three different types of intake occasions controlling for energy intake (kcal/1000) and age. In Table 2 statistical significance of differences between the obese and reference group and between men and women was tested using the likelihood ratio test. The null model for the test of gender assumes no difference in means between men and women. The null model for the test of obese and reference groups assumes no difference in means between the two study groups. In both tests, the alternative model assumes differences in means for all four group/gender combinations. In Table 3, Figures 2 and  3 , general linear models, adjusted for age and physical activity, were used to analyse linear trends in energy and nutrient intake related to snacking categories. The test in trend is similar for those of test of means above. The trends (slopes) were compared instead of means. All P-values presented were initially unadjusted for multiple comparisons. When analysing snack categories in relation to dietary intake and metabolic variables, the Bonferroni correction for multiple comparisons was performed. The SAS 8.02 statistical package was used for all analyses (SAS Institute Inc., Cary, NC 27513, USA).
Results
Characteristics
Characteristics of the obese and reference groups are presented in Table 1 . A larger proportion of the obese men reported low education compared to reference men, whereas no difference in education level was found between the two groups of women. As expected, the obese men and women had higher levels of b-glucose, s-insulin, s-cholesterol and s-triglycerides and lower s-HDL than the reference men and women.
Number of intake occasions and energy intake Gender differences in intake occasions between obese and reference subjects were found. The obese men and women most frequently reported six intake occasions per day compared to five intake occasions in the reference men and women ( Figure 1a and b). Table 2 shows the mean number of intake occasions and mean number of eating occasions, as well as the intake occasions by type of intake: main meals, light meals/breakfast, snacks and drink-only. The mean number of intake occasions was higher in the obese group than in the reference group (Po0.001). Number of intake occasions also tended to be higher in women compared to men (P ¼ 0.055). When excluding drink-only, that is, number of eating occasions, the gender difference was significant (Po0.001). Snacks were more frequently consumed in the obese group compared to the reference group (Po0.001), as well as in women compared to men (Po0.001).
In contrast to what is commonly seen in dietary studies, the obese men and women reported a significantly higher energy intake than reference men and women (Po0.001) ( Table 2 ). Number of intake occasions was independently related to obesity in an energy-and age-adjusted logistic regression model. Odds ratio for number intake occasions was 1.21, CI ¼ 1.15-1.27, Po0.001 and for energy (kcal/1000) 
Physical activity
Leisure time physical activity also differed between groups. In the obese group, a larger proportion of men and women reported sedentary leisure time physical activity than reference men and women (Po0.001), but there was no gender difference. Conversely, a gender difference, but no group difference, was noted for occupational physical activity. A larger proportion of the men than the women reported a low physical activity level at work (Po0.008) ( Table 2) .
Intake frequency in relation to energy intake The relation between energy intake and reported number of intake occasions is shown in Figure 2 . The intake occasions were divided into three different meal types: (Figure 2a ) principal meals (main meal þ light meal/breakfast), (Figure 2b ) drink-only and (Figure 2c ) snacks. The energy intake related to reported intake occasions were analyzed taking age and physical activity into account. Energy intake increased significantly by increasing number of principal meals in both obese men and women, whereas no such trends were found in the reference group. There was a negative trend in energy intake by drink-only category in all groups but the reference women and neither group nor gender trend differences were found. On the other hand, increased snacking frequency was associated with higher energy intake in all four groups; however, the trends were steeper in the obese group (Po0.01 for difference in trend between obese and reference groups).
Snacking frequency in relation to dietary intake Table 3 presents the distribution of BMI and dietary variables, adjusted for age and physical activity, by each snack category; 0, 1, 2 and Z3 snacks per day. BMI was not associated with number of snacks per day in either group after correction for multiple comparisons. However, energy intake was related to number of snacks as reported above. Increases in energy intake per day between the lowest and highest snack category were 830 kcal (29.2%) for the obese men, 640 kcal (25.5%) for the reference men, 584 kcal (25.1%) for the obese women and 312 kcal/day (15.5%) for the reference women. As a consequence of increasing energy intake, the absolute intake of protein, fat and carbohydrate also increased by 
snacking frequency in all four groups. The relative macronutrient intake is presented in Table 3 . In obese men and women, the proportion of fat intake increased (Po0.05, after Bonferroni correction) and the proportion of protein intake decreased (Po0.05, after Bonferroni correction) by increasing snacking category. However, no significant trends were found in the reference group. The proportion of total carbohydrate intake did not differ by snacking category either in the obese or in the reference men and women, although carbohydrates from mono-disaccharides increased in men. The difference in trend between men and women was significant (Po0.05). The absolute intake of alcohol decreased by increased snacking in all four groups. For relative alcohol intake, there was both a gender (Po0.05) and a group (Po0.01) difference in trend. The relative decrease in alcohol intake by snacking category was similar and significant in obese men and women. However, in reference men the trend was steeper, whereas in reference women the trend was not significant after Bonferroni correction. No significant trends in fibre intake were found in the two groups of men and women.
Snacking frequency and energy intake from the 15 food groups A statistically significant difference in trend between the obese and reference groups was found for the relation between energy intake and snacking frequency for three food groups: cakes/cookies (Po0.01), candies/chocolate (Po0.05) and desserts (Po0.01) Figures 3a-c. For cakes/ cookies energy intake increased by increasing snacking frequency in both obese and reference men and women; however, the increase was steeper in the obese men and women. The same pattern was seen for candies/chocolate, although the trend was not significant in reference women after Bonferroni correction. Energy intake from desserts increased significantly by snacking frequency only in the obese men and women.
Furthermore, a significant difference in trend between men and women was found for the relation between energy intake from milk and snacking frequency, Figure 3d . Both obese and reference men reported increased milk consumption with increasing snack category; however, no significant relation was found for women.
Sandwich intake increased by increasing snacking frequency (Figure 3e) . The trends were similar in all four groups, but the intake level was substantially higher in men than in women. However, the differences between obese and reference men and between obese and reference women were small and non significant. High-energy intake from snacks may be compensated by lower energy intakes in meals. In order to investigate possible compensation in certain food groups corresponding to main meals, the energy intake from two food groups, cooked meals and light meals, were combined (Figure 3f) . A significant difference in trend between obese and reference Snacking frequency in relation to energy intake and food choices in obese H Bertéus Forslund et al groups (Po0.05) was found for energy intake in the combined food group by increasing snacking frequency. The obese women reported an increase in energy intake from the combined food groups, whereas no statistical trend was found in the obese men. There was no change in trend for energy intake in the combined food groups by increasing snacking frequency in the reference men and women, although the reference group reported a lower energy intake than the obese group.
For the remaining food groups (toppings without bread, cereals, egg, fast food, nonalcoholic drinks, alcoholic drinks, fruit and salty snacks), neither gender nor group differences were found in energy intake by snacking category. The intake trends were inconsistent and the contribution to total energy intake was generally small.
Snacking frequency in relation to metabolic variables
The metabolic variables blood pressure, b-glucose, s-insulin, s-cholesterol, s-triglycerides and s-HDL were not significantly related to snacking frequency in any of the four study groups after Bonferroni correction.
Discussion
Our results showed that Swedish obese men and women were more frequent snackers than Swedish reference men and women and also that women consumed more snacks than men. Energy intake increased by higher snacking frequency, irrespective of physical activity. Furthermore, the obese group's food intake pattern differed from that of the normal population in showing a more pronounced energy intake, especially from sweet, fatty food choices among obese frequent snackers.
Our finding of a positive relationship between intake occasions, especially regarding snacks, and high BMI in both men and women is at variance with previous studies in adults. In a review of epidemiological studies on the relation between meal frequency and body weight, Bellisle et al 25 concluded that although many studies failed to find any significant relation, those that did consistently reported an inverse relation. Recent studies on the relation between intake frequency and BMI in nonobese individuals or normal populations also report a negative relation in men, 10, 12 but positive in females. 10 Furthermore, no association between snacking and BMI was found in either males or females. 8 In contrast, we compared intake patterns of a group of obese subjects with subjects from a normal population and found group differences as well as gender differences. The lack of consistency between studies may be due to different definitions of intake occasions 26 and/or different assessment methods. 4, 9, 12, 20, 21 Inconsistencies in the definition of meals and snacks make comparisons between studies hard to interpret. For example, no generally accepted definition exists of what constitutes high or low meal frequency 26 and, furthermore, distinctions between a meal, a snack and a drink are ambiguous. This ambiguity may be due to cultural aspects, 27 as well as the use of different time periods 9, 20 or varying energy levels to distinguish between meals and snacks. 28 We defined snacking as an intake occasion that was not considered a main meal, light meal/ *P-value for trend is adjusted for age and physical activity. **Significant difference in trend between obese and reference group, P-valueo0.01. ***Significant difference in trend between men and and women, P-valueo0.05. Snacking frequency in relation to energy intake and food choices in obese H Bertéus Forslund et al breakfast or drink-only. Moreover, intake occasions may also be predefined and 'force' the respondent into certain patterns, 20 or self-defined, leaving the definition to the respondent. 29 The latter has been advocated by Booth 30 and was used in this study. Secondly, common methods in dietary assessment, such as food records 9, 12, 19 and 24-h recalls, 5, 8, 21 are often used to assess habitual intake frequency, but may not be appropriate for this purpose. For example, energy intake is often underreported when using these methods. 21, 31 This bias may be specifically related to snacking, 32 since if energy intake is under-reported, presumably intake frequency is also underreported, particularly in relation to snacking. In a study of Swedish men using the 24-h recall method, the obese group reported fewer intake occasions than did the normal weight group, but the difference disappeared after excluding underreporters. 21 Although intake occasions may also be underreported in our study, our results still show a higher frequency of intake occasions in the obese group than in the normal population. Assuming that snacking frequency is under-reported, we can speculate that results from studies indicating a negative relation between eating frequency and body weight might be due to the use of methods unable to adequately assess snack intake. Snacking frequency in relation to energy intake and food choices in obese H Bertéus Forslund et al
We combined two independent methods, 'the meal pattern questionnaire', assessing habitual intake occasions and 'the dietary questionnaire', assessing habitual energy intake. In 'the meal pattern questionnaire' the number of intake occasions was assessed but not energy content or specific food groups. However, the energy intake reported in the 'the dietary questionnaire' was related to reported number of snacks in the meal pattern questionnaire. Although we could not assess energy intake in each intake occasion, we found that energy intake was higherwith increased snacking frequency, which is consistent with results from large population surveys using other methods. 8, 14, 15 In a previous study using these assessment methods, we found that obese women had a more frequent intake pattern than women in a normal population and, furthermore, that snacking was positively related to energy intake. 11 This finding is in accordance with the present study, but is inconsistent with other studies that have reported that obese subjects have a lower intake frequency than nonobese. However, it should be noted that the frequency of intake occasions found in the reference subjects concurs with that found in other studies in normal weight subjects and normal populations. 19, 21, 33, 34 For example, in a Nordic study, eating frequency ('just a drink' excluded) was reported to be 4.1 in a Swedish normal population. 34 Bellisle et al 19 reported an average intake of 2.7 meals and 1.3 snacks per day in French normal weight adults and in Swedish students. 35 In comparison, our obese group reported a similar meal frequency (main meals þ light meals/breakfast), but more frequent snacks. The meal frequency was related to increased energy intake only in the obese group whereas snack frequency was related to increased energy intake in both the obese and the reference group. The role of snacking as a contributor to total energy intake should not be neglected. Certain food groups are frequently consumed as snacks. In young adults, the top contributors to energy from snacking were desserts, beverages, milk and salty snack foods. 15 In adult nonobese and normal populations, a large proportion of energy intake from snacks derives from baked goods, sweets, fruit and dairy products. 8, [18] [19] [20] Although our data do not permit comparable analyses, we did find that the most frequent snackers had a considerable daily energy intake from candies/chocolate; the percentage of daily energy was 8 and 11% in obese men and women, respectively, vs 6 and 7.5% in reference men and women, respectively (data not shown). Studies have reported that snacks contribute to 20-25% of daily energy intake. 20, 36 Corresponding data are not available in this study for methodological reasons, but food groups that have been related to snacking, such as sweets, soft drinks and baked goods, 20 contributed considerably to energy intake, especially in the frequent snackers. These food items easily lead to energy surplus and do not facilitate weight control. Gender differences were less pronounced than obesity differences in the relation between snacking and energy intake from the defined food groups. Energy intake from candies/chocolate, cakes/cookies and desserts increased more steeply by increasing number of snacks in the obese compared to reference men and women. A nibbling pattern has been considered of advantage for body weight control and for preventing obesity. 37, 38 Even if we assume that the most frequent snackers in our study were nibblers, we still have to consider what people in fact eat when they nibble. To recommend a nibbling pattern in obesity prevention and treatment may be counter effective if total energy intake and food choices are neglected. Nibbling might be recommended if it can be assumed that energy intake from snacks is compensated for in subsequent meals, that is, that the meals contain less energy. However, our findings revealed no such compensation, which is in accordance with experimental studies. [39] [40] [41] Nibblers, as opposed to gorgers, have also been reported to compensate energy intake after an energy-reduced lunch. 42 In addition to weight control, a further argument against the nibbling theory is that no consistent pattern was found between snacking/intake frequency and metabolic variables, which is in contrast to previous studies. 2, 10, 43 A limitation in our study is that our obese subjects were volunteers for an intervention study and may thus not be representative for all obese subjects, but rather for men and women seeking help for obesity. Moreover, like most other studies, our study is cross-sectional and thus we cannot conclude causality. On the other hand, our results are consistent with the results from the Bogalusa heart study in children where snacking was associated to higher BMI longitudinally. 16 Another limitation is that the meal pattern questionnaire used here has not been validated. Appropriate criteria against which to validate this questionnaire, such as reliable dietary assessment methods or biomarkers, are currently unavailable and thus validation of habitual intake frequency is impossible to accomplish. On the other hand, the dietary questionnaire assessing energy and macronutrient intake is validated against energy expenditure, urinary nitrogen and food records. 24 By combining two independent methods, we found a link between frequent snacking, high-energy intake and obesity. In conclusion, our study showed that men and women with obesity have more frequent intake occasions, higher energy intake and more sedentary leisure time than a reference population. Furthermore, we found that obese subjects were more frequent snackers than reference subjects and women were more frequent snackers than men. High physical activity could not explain high-energy intake and snacking. Certain food groups were associated with snacking and contributed considerably to energy intake. Food choices and snacking need to be considered in obesity treatment, prevention and general dietary recommendations.
